Abstract 2-Arylhydrazononitriles react with hydroxylamine hydrochloride in refluxing ethanolic sodium acetate to yield amidoximes that cyclized into 1,2,3-triazol-5-amines or 1,2,4-triazol-5-amines depending on the nature of the substituents on hydrazone linkage. NOE difference experiments could successfully be utilized to distinguish 1,2,3-triazoles from isomeric 1,2,4-triazoles.
Introduction
The chemistry of 2-arylhydrazono-3-substituted nitriles has been extensively investigated in our laboratories in the past. [1] [2] [3] Our interest in the chemistry of these compounds has recently been revived and we could show that these compounds are excellent precursors to 4-aminopyrazole-5-carboxylic acid derivatives, 4, 5 interesting precursors to phosphodiesterase inhibitors such as sildenafil citrate (viagra) 4, 5 as well as 4-acyl-2-substituted-1,2,3-triazolamines, potential precursors to pharmaceutically active triazoloazines; e.g. 1,4-dihydro-5-(2-propoxyphenyl)-7H-1,2,3-triazolo [4,5-d] pyrimidine-7-one (Zaprinast). 5, 6 In conjunction to our interest in the chemistry of these compounds we report here the results of our work that enabled developing simple, efficient, novel routes to both 1,2,4-triazol-5-amines and 2,4-disubstituted-1,2,3-triazol-5-amines. Derivatives of both ring systems are important both in the dye industry 7 and as potential intermediates in pharmaceutical industry. 8, 9 Results and Discussion 2-Arylhydrazononitriles are readily obtainable via variety of procedures; [10] [11] [12] [13] the simplest is coupling of active methylene nitriles with aromatic diazonium salts. 11 In this work we could successfully couple active methylene nitriles 1a-c with aromatic diazonium salts producing the 2-arylhydrazolononitriles 2a-d. Benzyl cyanide (3) failed to couple with aromatic diazonium salts under these conditions. As the β-carbon in enaminonitriles has recently been shown by us to be sufficiently electrophilic to couple readily with aromatic diazonium salts, 14 benzyl cyanide (3) was condensed with triethyl orthoformate and piperidine following a recently published procedure. 5 The so formed 2-phenyl-3-piperidinoacrylonitrile (4) coupled smoothly with aromatic diazonium salts yielding 2-arylhydrazononitriles 2e-h. It is believed that 5 is a nonisolable intermediate as it undergoes ready Japp-Klingemann cleavage 15 yielding 2e-h (Scheme 
Scheme 1
Similar to the reported 16 formation of amidoximes 6a-c on reacting 2a-c with hydroxylamine hydrochloride, the arylhydrazononitriles 2d-h afforded amidoximes 6d-h upon treatment with hydroxylamine hydrochloride under similar conditions. Amidoximes 6a-c have been previously cyclized into 1,2,3-triazol-5-amines 7a-c, whose structure was supported by X-ray for 7c, upon reflux in dimethyl formamide in presence of sodium acetate. 16 However, in our hands, much better yields of 1,2,3-triazol-5-amines were obtained upon replacing sodium acetate by piperidine (Scheme 2). 
Scheme 2
In an attempt to accelerate cyclization, amidoximes 6a-c were refluxed in acetic anhydride. The obtained products could be assigned the oxadiazolylarylhydrazone structure 8a-c or acetylamino-1,2,3-triazoles 9a-c. Structure 9 could be confirmed for these products based on their identity with acetylamino-1,2,3-triazole 9, prepared via acylating 7a-c with acetic anhydride. Interestingly 9a-c, could be converted into 7a-c upon reflux in ethanolic sodium ethoxide. To verify whether or not an oxadiazole 8 is formed initially, amidoximes 6 were acylated with acetyl chloride at room temperature, and even under such conditions the only products formed were acetylamino-1,2,3-triazoles 9 (cf. Scheme 2). Thus the intermediacy of oxadiazoles and subsequent Boulton-Katritzky 17,18 rearrangement, as has recently been assumed, seems least likely. In contrast to the behavior of 6a-c amidoxime 6d cyclized upon reflux in DMF in presence of piperidine to yield the 1,2,4-triazol-5-amine 11d as was established by Xray crystal structure (cf. Fig. 1 ). Compounds 6e-h also cyclized in refluxing DMF, piperidine yielding the 1,2,4-triazol-5-amines 11e-h as indicated from NOE difference experiments (cf. Scheme 3). Conversion of 6 into a 1,2,3-triazole necessitates formation of N-N bond which is an energy demanding process. Aromaticity of the formed 2-substituted-1,2,3-triazole is thus a driving force especially if the substituent can contribute an extra resonance form as in 7a-c ( cf. form 7A ).
Conclusions
Arylhydrazonoamidoximes are readily obtainable compounds that can be easily cyclized to afford in good yields either 1,2,3-triazolamines or 1,2,4-triazolamines depending on the nature of substituent on the hydrazone carbon. A simple spectroscopic method that allows a reliable structure determination of the cyclization product is also suggested. 
Crystallographic analysis
The crystals were mounted on a glass fiber. All measurements were performed on an ENRAF NONIUS FR 590. The data were collected at a temperature of 25 o C using the ω scanning technique to a maximum of a 2θ of 24.108 o . The structure was solved by direct method using SIR 92 and refined by full-matrix least squares. Non-hydrogen atoms were refined anisotropically. Hydrogen atoms were located geometrically and were refined isotropically. 
Crystal data

Synthesis of 2-substituted-2-(2-arylhydrazono) acetonitriles (2d-h)
A cold solution of aryldiazonium salts (10 mmol) was prepared by adding a solution of sodium nitrite (1.4 g dissolved in 10 mL water) to cold solution of arylamine hydrochloride (10 mmol of arylamine in 6 mL, 6M HCl) with stirring. The resulting solution of aryldiazonium salts were then added to a cold solution of either enaminonitrile (4) or acetonitrile derivatives (1) in ethanol (50 mL) in the presence of sodium acetate trihydrate (2.8 g, 20 mmol). The mixture was stirred at room temperature for 1 h and the solid product was collected by filtration, washed with water and recrystallized from the appropriate solvent. 
2-(4-Nitrophenyl)-2-(2-phenylhydrazono)acetonitrile (2d
Synthesis of N-hydroxy-2,2-disubstituted-acetamidines (6c-h)
A mixture of 2-arylhydrazonoacetonitrile (2) (10 mmol), hydroxylamine hydrochloride (0.69 g, 10 mmol) and sodium acetate anhydrous (3 g) in ethanol (20 mL) was heated under reflux for 3 h. The reaction mixture was poured on water, collected by filtration and recrystallized from the appropriate solvent. N-Hydroxy-2-(4-nitrophenyl)-2-(phenylhydrazono)-acetamidine (6d) N-[2,5-disubstituted-2H-1,2,3-triazol-4-yl]acetamide (9a-c) Method A. Compound (6) (1 mmol) was dissolved in 20 mL acetic acid in the presence of few drops of acetic anhydride. The reaction mixture was refluxed for 4 h and poured into ice-water mixture, extracted with chloroform (3X10 ml). The organic extracts were dried over anhydrous magnesium sulfate, and evaporated under reduced pressure. The residue was purified through preparative thin layer chromatography [eluent: hexane / AcOEt (3:1)] 
2-[(4-Chlorophenyl)hydrazono]-N-hydroxy-3-oxo-3-phenyl-propionamidine (6c
